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Abstract Under extreme environmental conditions, affected by temperature, pressure, velocity and other
factors, the aerospace equipment with great flexibility and deformability is extremely prone to failure. It is a
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great challenge to develop the corresponding sensors with excellent flexibility and deformability to monitor the
key parameters of the equipment in service real-timely, such as strain, curvature and aerodynamic profile. For the
aerospace recovery parachute with great flexibility and deformability, we research the design and performance of
flexible strain sensor with great deformability (referred to as stretchable strain sensor), the sensor undergoes a
large applied strain (35%), which guarantees high linearity (goodness-of-fit >0.999). We further explore the
integration scheme of the sensors in parachute canopy, parachute ropes and radial belt, and conduct the systematic
tests. Through the demonstration application of the dropping test of the parachute from a high tower and the wind
tunnel test, the information of the deformation state of the parachute can be obtained effectively, which is of great
significance for the optimization of the structural design and the real-time control of the parachute.

Keywords flexible; large deformation; strain; sensor; aerospace
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Fig.1 Image of the stretchable strain sensor’ Fig.2 Schematic illustration of the sensing mechanism
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(‘a ) Bight consecutive loading-unloading cycles (b )Under repeated loading and unloading of 50% strain for 20,000 cycles
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Fig.3 Relative resistance change!®"!
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Fig.4 Design and measurement of the stretchable strain sensor
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(3) B RIS SO S5

ek 7 < e BB S R AV A BT T R P A — TR S ER Y, RE S AR MR < T - i LA LA L ) %
WORS AR . TEmBEOEER T, BREMRGE RN . BRI SRS ) 2321
SPFEIRGEAIRT A A, DN BEAE R G PO AR BN AL LA 25K . 1) ANSEM v < (9 1E R IT AR 9% 5
2) AIHIRHL By I B R AR s 3) AR I R Pl . R, R R BSOS I R 4
F8 B TC A e 5 XA REAT AU RT SE Hx F Az A2 B R 7

£ U S SR et R DR ety A Rl E DR WA R L W 1 o AR S W =R 3 LR VA= R (1
B8 (a) iRl MR SEBRESH , 4 MG R BRI AMI, 2 B R AR (o
K8 (b) Fras, BIHAR, EARN 17mm, BRI 130mm ) R FRE AL AEAR [i 47 s o8 (9 <A AR R A
SLALTCAEAR AT I, — o e B RS, — o i B R AR, T LA W28 i) ol R 5 T A 22 21



66 i KB B 5 E R 2023 45 44 %5

(a) ZAEJE W R GE48 B P RE AL B R (b) B RAR S K
(a) Schematic diagram of assembly position for (b) Image of the data acquisition module
each component of the deformation-monitoring system

Pl 8 ASTE W R G A 1 SR R 2
Fig.8 Integration scheme of the deformation-monitoring system on the parachute
BT BIROTR, RS FARICSIR IR SE, JEITRE 110m A EB00scs:, nl LUSEAm HE 2 ek <
TSR LSRR R S, ARRAR I BRI R GO PRI AT, T R e R A R v
AR R AR T AR . SR B e R R < DL AR BRI R B bR B, SRR S, 1S
FCBT RN EHE RIS, DR — R T (LRGSO 1R o R IR BUE TR
AL IS =AY s 1) BB, X —FrBe, AER BV A EARS, R H) TRIZUA
SRIVEIE . WaE RO B, OO AEE ) Mg N, IR R R A A A g B (e s
RABHI R TAE, 100ms JAFGIIRICRALIRAHME S ). BHEANZa Rt WA= st A%
A SR =R JeRAAEN ., BRSO IE T I C B, AR S IR
IR s 2 Je A iy 0 AR ARSI 1 A B AN w25 SR ahE BT ISR 2R KT,
R RGEHME S YR BN ER ETE. 2) B NISHBL, X—PrB, SeKMEY—f TR, Bkt TR H
BEEHMH, IR BONTEE . kI n A Y — &g R 2y 3.5s, AHEL 110m X REHYZT 5s B F R
FRINTE], AT LA R R TR AR, X WBER TR IR RS R 18I R ARACR .
W BT AR I L RPN B, RN RIS S WEIG S A TR . [t TREE - LPIG
ZALT A IEIE S, FREATRK IR, IR R S WA R, TR, 3) B X
— BB, B ovE s, BT BRI ATKIT B LR R R AR R 22 0 T R 2RI, AR
SR IR I B RS R AE L 4.5 JRCR s, BRIk R TEYIMA S|, IR A TR
A5, R S W B TR BJSRRISrE , AR sk PR R, DAL e SR
ANy BRIGRRTRA S AR, ARSI, N REHE SRS . ILAh, Bgeissh)n, Femal
SeaRil H B T R S, MRS TR mar 0 E, DS v U (5 S5 ARl ia 5 S A FLE . B
S R B BRI 1B A TR 2 Tt AR T 5 9 IR,

[21]

Pl O k< v B R U v A 0 i 222 1 R T 1 £ 5

Fig.9 Signal of the deformation of the radial belt during the dropping test of the parachute from a high tower*"!
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